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(57) Abstract 

A flexible balloon catheter/guide wire apparatus (120) includes a thin, elongate, hollow tubular body, the exterior surface of which 
includes a plurality of cuts (138) spaced apart along at least a portion of the length of the body, and some of which extend through to 
the interior of the tubular body. The cuts extend transversely of the body, and are positioned to give the apparatus flexibility without 
significantly reducing torsional stiffness. A balloon section (146) is disposed about the tubular body at least near a distal end (140). and 
about at least some of the cuts which extend through the tubular body to the interior, so that fluid introduced into the hollow at a proximal 
end (128) of the tubular body will cause the balloon section to inflate outwardly. This structure allows the apparatus to serve both as a 
guide wire and catheter for threading into a vasculature passageway, and carrying fluid to inflate the balloon section at the target location. 
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FLEXIBLE BALLOON CATHETER/ GUIDE WIRE 
APPARATUS AND METHOD 

BACKGROUND OF THE INVENTTOM 

This invention relates to catheter systems and more 
particularly to a flexible balloon catheter/guide wire 
apparatus and method. 

Catheter guide wires have been used for many years 
to "lead" or "guide" catheters to desired target 
15 locations in the human body's vasculature. The typical 
guide wire is from about 135 centimeters to 195 
centimeters in length, and is made from two primary 
pieces- -a stainless steel solid core wire, and a 
platinum alloy coil spring. The core wire is tapered on 
20 the distal end to increase its flexibility. The coil 
spring is typically soldered to the core wire at its 
distal end and at a point where the inside diameter of 
the coil spring matches the outside diameter of the core 
wire. Platinum is selected for the coil spring because 
25 it provides radiopacity for X-ray viewing during 
navigation of the guide wire in the body, and it is 
biocompatible. The coil spring also provides softness 
for the tip of the guide wire to reduce the likelihood 
of puncture of the anatomy. 
30 Navigation through the anatomy is achieved by 

viewing the ' guide wire in the body using X-ray 
fluoroscopy. The guide wire is inserted into a catheter 
so the guide wire protrudes out the end, and then the 
wire and catheter are inserted into a vessel or duct and 
moved therethrough until the guide wire tip reaches a 
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The above and other objects of the invention are 
realized in a specific illustrative embodiment of a 
balloon catheter/guide wire is formed of a thin, 
elongate, hollow tubular body of material, the exterior 
5 surface of which includes a plurality of cu ts spaced 
apart along at least a portion of the length of the 
body, and some of which extend through to the interior 
of the tubular body. The cuts extend transversely of 
the body and are positioned to give the apparatus 

10 flexibility without significantly reducing torsional 
stiffness. A balloon element is disposed about the 
tubular body near a distal end about at least some cuts 
which extend through the tubular body walls to the 
interior, so that fluid introduced into the hollow at a 

15 proximal end of the tubular body will cause the balloon 
element to inflate outwardly. m this manner, the 
tubular body serves as both a guide wire and catheter 
for threading into a vasculature passageway and carrying 
fluid to inflate the balloon element at the target 

20 location. 



25 



BRIEF DES CRIPTION QF THE DRAWINGS 

The above and other objects, features and 
advantages of the invention will become apparent from a 
consideration of the following detailed description 
presented in connection with the accompanying drawings 
in which: 

FIG. 1 is a side, fragmented, partially cross- 
sectional view of one embodiment of a flexible balloon 
30 catheter/guide wire formed with cuts, in accordance with 
the present invention; and 

FIG. 2 is a side, fragmented, partially cross- 
sectional view of another embodiment of a flexible 
balloon catheter/guide wire formed with cuts, also in 
35 accordance with the present invention. 
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in the usual manner th~ ~u , 
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the tubular catheter/guide wire l 20 (Th , h ° 
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10 catheter/guide wire 120 , eo ..„.j { t e 
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120 " ,n the holl °" o' th. catheter/guide wire 
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gadoUn.um encapsulated in a sheath, dysprosium 
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The wire mandrel could also be used to change the 
curvature of the catheter/guide wire 120 as desired by 

could US b r ' f ^ eXamPle ' ^ " th «-/ 9 uide wire 120 
could be formed with a portion of it curved or angled 
(such as the distal end, and a straight „ ire mandrel 133 

,0 I" b : "» — ^ide wire to 

straighten it out and then removed when desired to allow 
the catheter/guide wire to resume the curved shape 
Alternatively, the catheter/guide wire 120 could be 

with V Stral9hC and the -ndrel 133 formed 

wrth selected curves so that when the mandrel were 
inserted into the catheter/guide wire, the mandrel would 
cause the catheter/guide wire to assume those same 
curves and when the mandrel were removed, the 
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catheter/guide wire would again straighten. In this 
manner, depending upon the initial shape of the wire 
mandrel 133 and/or the catheter/guide wire 120, the 
shape of the catheter/guide wire can be controlled to a 
certain extent while disposed in vasculature or body 
cavities. 

Advantageously, the catheter/guide wire 120 is 
constructed of nickel titanium alloy and may range in 
size from about .008 inches to .090 inches in outside 
diameter, and about .005 inches to .084 inches in inside 
diameter, and about 175 to 300 cm in length. The 
catheter/guide wire 120 could also be made of stainless 
steel, polymers or other flexible materials having 
suitable strength. 

Cuts, slots, gaps or openings 3 4 and 38 are formed 
in the catheter/guide wire 120 along the length thereof, 
either by saw cutting (e.g. diamond grit embedded 
semiconductor dicing blade), electron discharge 
machining, laser cutting or etching (for example using 
2 0 the etching process described in U.S. Patent No. 
5,106,455) anisotropically to provide for lateral 
flexibility in the catheter/guide wire. Cuts 134 are 
generally perpendicular or crosswise to the long 
dimension of the catheter/guide wire. (Various cut 
25 patterns may be used, however.) Cuts 138, on the distal 
end 14 0 of the catheter/guide wire, are formed to extend 
through the catheter/guide wire 120 walls to allow 
escape of fluid introduced into the hollow at the 
proximal end. This will be explained more later. 

Formed on the distal end 140 of the catheter/guide 
wire 120 may be a radiopaque or MR1 marker or band 144. 
The band 144 may be gold or platinum alloy (for X-ray 
fluoroscopy) or gadolinium or dysprosium, or compounds 
thereof (for MRI) , and may be formed on the distal end 
140 by deposition, wrapping or use of the shape memory 
alloy (NiTi) effect to "lock" the band around the end. 
The marker 144 is centered inside an expandable balloon 



30 



35 



WO 97/44086 

PCT/US97/08640 

6 

of 'theV,', diSCUSSed TOmentaril V» » show the Nation 
of the balloon in the vasculature 

cttaf"/ d ^ tal ° £ hOU °" ° f th * tubuiar 

catheter/guide wire 12. includes a plug „. for blocking 

oro T ° £ flU " intr ° dUOed int ° tha h °^°» at he 
proximal end. (The plu 9 148 might also be radiopa ^ 

and/or MRI decect abl e to further faciUtate trac k L 9 
a f 1 t ° f "theter/ouide wire 12 

10 radL S UP ad ™"°eou sl y made of a 

radiopaque materia! such as platinum or a material which 

It" 6 "? 16 ^ MRI - ™ S ' ° E ™' * - 

tracing of the leading distal end of the catheter/guide 

:V J0 ^ " 1S th " aded th ^" a vasculature o bod 

: lnlmi2eS the Ctan - "f traumatic piercing of body 

<*» "0 is inserted into 

catheteT^ ^ P °" i0n ° f "» 

catheter/guide wire l 2 o is a sleeve 156 which extends 

cathetT " Pr ° Xlmal S "^ly about the 

ca heter/gurde wire tubular portion to , location just 
before the cuts 138 (whi oh extend through the walls of 
the catheter/guide wire 120) and marker 144 At that 
P°mt, the sleeve 156 widens into a resilient balloon 
section 14 6 -d then, just before the distal end 140 and 
the con tip 152 , lc again narrows eo m 

the da stal end. Advantageously, the sieeve 158 is made 

or " eXible mat6rial SUCh 35 Polyethylene 

or other commonly used angioplasty balloon materials 

vessels. F luid ls lntr oduced into the hollow or lumen 

of the catheter/guide wire 120 and then exits the cuts 

138 to cause the balloon section 146 to unfold and 
distend or inflate. 

FIG. 2 shows an alternative embodiment of a balloon 
catheter/guide wire made in accordance with the present 
invention. Here, a tubular portion of a catheter/guide 
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wire 200 is made up of two parts 204a and 204b which are 
telescopically, but fixedly, fitted together at a joint 
208. Tubular part 204a comprises the longest part and 
illustratively is made of stainless steel, whereas the 
tubular part 204b comprises the distal end of the 
catheter/guide wire 200 and, advantageously, is made of 
a more flexible shape memory alloy nickel titanium. 

Formed in at least the distal end of the 
catheter/guide wire 200 are a plurality of cuts 212 
which extend entirely through the tubular sidewall. of 
course, to increase flexibility of the catheter/guide 
wire 200, cuts could also be formed along at least 
portions of the rest of the length of the catheter/guide 
wire . 

Disposed in the hollow at the distal end of the 
catheter/guide wire 200 is a coil 216 advantageously 
made of a radiopaque material such as platinum or a 
material which is MR I detectable. The innermost end of 
the coil 216a is bunched together to provide a 
radiographic or MR I identification of the location of a 
balloon section 220, to be discussed momentarily, by 
positioning this portion of the coil centrally within 
the balloon section. The outermost portion 216b of the 
coil 216 is stretched to provide greater flexibility and 
25 softness in the coil to limit the possibility of 
puncture. A block 224 is disposed in the distal end of 
the tubular section 2 04b to prevent the escape of fluid 
introduced into the proximal end of the catheter/guide 
wire 200. 

30 Disposed about the tubular section 204b is a sleeve 

228 in which all but the balloon section 220 fits snugly 
about the tubular section. When fluid is introduced 
into the proximal end of the catheter/guide wire 200, 
the fluid exits through the cuts 212 to fill and inflate 

35 the balloon section 220, as desired. Advantageously, 
the sleeve 228 and balloon section 220 are made of a 
polyethylene material . 
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A stiffening mandrel 232 is shown inserted inco 
n To °i n t =" h ««/-^e wire 200 at the ^ 
end allow for stiffening the oatheter/guide wire 
long the i en9th ot the cacheter/guida 

end of the stiffening mandrel 232 and mcludes . 3top 
38 to prevent the mandrel from being inS erted too far 
»to the catheter/guide „ ire . (Although not 3hQwn ^ 
Wire mandrel lM of FIG . x could also indude a stop 

materia ITT, f " ^ Walloon 
materials for balloon sections 146 or 220 in FIGS. 1 and 

2 respectively. a balloon m aterial suitable for 
occluding rather than dilating, could be provided. Such 
15 a fl";; 1 T 1 "^ latSX rUtb " — "V »• provided at 
he FIGS °" ° £ "* baUOM Cat — ^ wires of 

the I , " " ° CClUde £1 ° W ° f bl00d u 0s«ea„ of 

the location where the angioplasty balloon sections 
-aid be utilized to perform angioplasty. In 

20 Pr ° Vi3iOT »<™ ld ^ made for inflating the 

20 occluding balloon section either prior to or at the same 

example, concentric catheters, one for inflating the 
occludm balloon seccion other 9 

the dilating balloon section. 
25 bribed above, the catheter/guide 

c^tlte 3 : f0rmSd ^ adaPt6d " "™ - * 

catheter for use, for example, as a prediction catheter 

in situations such as the existence of a tight stenosis 

Because of the thinness of the catheter/guide wire, it 

» especially suitable for insertion into vasculature 

having tight confines. The stiffening mandrel allows 

for reducing the lateral flexibility of the 

catheter/guide wire to enhance the instability and 

threading capability of the catheter/guide wire 

>5 Because of the low profile of the entire assembly 

another balloon catheter could be inserted over the 

entire assembly for further treatment. 
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It is to be understood that the above -described 
arrangements are only illustrative of the application of 
the principles of the present invention. Numerous 
modifications and alternative arrangements may be 
devised by those skilled in the art without departing 
from the spirit and scope of the present invention and 
the appended claims are intended to cover such 
modifications and arrangements. 
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What is claimed i S: 

1- A balloon catheter/quide W j r6 
comprising ire a PP ar atus 

5 dist I" e i° n9ate tUbUl3r b ° dy h9Vin9 3 P roxi -l end a 
distal end, and sidewalls which define a ^ * 

-ts being formed in the sidewall along at least a 

L r s t°a f l thS d tUbUlar b ° dy ' lnClUdi - ^ -tion ne a 
tne distal end, said cuts at said • 

lumen through the cut, to the exterio- and 

tuh l b5l iT meanS SUrr ° U " di "9 ««« section of the 
tubular body for ln £latin 9 and expandin 9 when fluid is 
ntroduced into the !.„ at the proximal end of tne 
» tubular body, to thereby contact interior walls 

ba a no T into which the tubuiar body and 

balloon means are introduced. 

20 radio'' APP i ar3tUS 33 in Claim 1 further including a 
radiopaque element disposed about said section of the 
tubular body. 

„ BI 'I Ap P aratus « - Claim 1 further including an 
ni detectable element disposed about said section of 
2 5 the tubular body. 

4. Apparatus as in Claim 1 further including an 
occluding tip elemen t disposed over the distal enl of 
the tubular body to prevent the escape of fluid 



30 theref 



5. Apparatus as in Claim 4 wherein said occluding 
tip element comprises a flexible coil. 

35 K , ^ A P? aratus ^ Claim 1 wherein said tubular 
body is comprised of nickel -titanium alloy. 
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7. Apparatus as in Claim 1 wherein said balloon 
means comprises an elongate sleeve disposed about the 
tubular body, said sleeve including an expandable 
resilient section disposed about said section of the 
5 tubular body to inflate and expand when fluid is 
introduced into the lumen at the proximal end of the 
tubular body. 



8. Apparatus as in Claim l wherein at least the 
proximal end of the tubular body is comprised of 
stainless steel. 



WO 97/44086 



PCT/US97/08640 



1/1 




SUBSTITUTE SHEET (RULE 2B) 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US97/08640 



A. CLASSIFICATION OF SUBJECT MATTER 

\PC(6) :A61M 29/00 
US CL :604/96 

According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED ~ ~~ 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 604/95-103; 606/192. 194 



Documentation searched other than minimum documentation to the extent thai such documents arc included in the fields 



searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
APS (CATHETER. MR!} 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 4,998,923 A (SAMSON et al.) 1 2 March 1 991 , Abstract. 



US 5,387,235 A (CHUTER) 07 February 1995, Abstract. 



1 , 2, 4-8 
3 



|~1 Further documents are listed in the continuation of Box C. Q^J 



Sec patent family annex. 



V 

'cr 
v 

Date 



Special categories of cited document!: 

document defining Che general »utc of Ihc art which 0 not couriered 
10 be of particular relevance 

earlier document published on or after the international filing date 

document which may throw doubu on priority clatm(t) or which u 
cited 10 establish the publication date of another citation or other 
special reason (as apeciftcd) 

document referring to an oral disclosure, use. exhibition or other 
means 

document published prior to the international filing date but later than 
the priority date claimed 



Uter document published after the international filing date or priority 
dale and not in conflict with the application but cited lo understand the 
principle or theory underlying the invention 

document of particular relevance: the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive tlep 
when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
conaaJered to involve an inventive atep when the document a 
combined with one or more other luch documents, auch combination 
bong obvfoua to t person » killed in the art 

document member of the uunc patent family 



0/ the actual completion of the international search 



20 JULY 1997 



Date of mailing of the internaiional search report 

1 8 AUG 1997 



Name and mailing address of the ISA/US 
Commissioner of Patents and Trademarks 
Box PCT 

Washington. D.C. 20231 
Facsimi le No. (703) 3050230 



Authorized officer 

DEBORAH BLYVEIS 
Telephone No. (703) 308-21 10 




Form PCT/ISA/210 (second sheet)(July 1992)* 



THIS PAGE BLANK vm 



